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Manage the project. 

Design diagnostics and analyze plasma data from DDEX. 
Provide physics requirements for facility configuration and 
theoretical background and modeling for data interpretation. 
Train students. 

Design and build the test facility DDEX at MSFC. 

Integrate the diagnostics suite into DDEX. 

Start experiments on plasma detachment by March 06. 

Assess helicon plasma source capabilities. 

Provide diagnostics for MSFC experiments. 

Perform VASIMR-specific experiments and modeling. 

Develop MHD-based nozzle design tool. 

Assist in plasma diagnostics integration at MSFC. 
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Outline 


Introduction 

Background 

Plasma Detachment 

Theory 

Model 

- Preliminary model indicates that plasma is super-alfvenic 
Experiment to validate theory and model 

- Experiment designed to match typical plasma conditions 

- Description of experiment 

• Facility 

• Plasma sources 

• Diagnostics 

- Data 

• Density 

• Velocity 
Summary 


Introduction 


• Motivation - High power plasma propulsion can move large payloads for 
orbit transfer, lunar missions, and beyond with large savings in fuel 
consumption. 

- For orbit raising or drag compensation - large savings in fuel for long life 


- For lunar missions - the savings in fuel is offset by longer trip times 

- For trips to Mars and beyond, high power plasma propulsion is enabling 

- Magnetic fields are used In high power plasma propulsion to guide the plasma 
and reduce electrode erosion as in Magnetoplasmadynamic (MPD) thrusters 


Electrodeless plasma propulsion (such as VASIMR) has the advantage of 
eliminating electrodes and thereby increasing thruster lifetime. 

• A strong guiding magnetic field is required for eiectrodeless plasma propulsion 




Background 


Key Issues 

- Plasma source efficiency 

- Plasma acceleration 

Plasma detachment 

The goals of this work are: 

• 1 ) Demonstrate plasma detachment 

• 2) Quantify magnetic nozzle efficiency 

• 3) Verify computational models and investigate optimization 
parameters for the magnetic nozzles. 

Project was cancelled after -25% of resources were 
received. 


Plasma detachment issue 


Plasma-based propulsion systems generate thrust by ejecting 
directed plasma flow. 

: A strong magnetic field is used to guide the plasma. 


® The ejected plasma must break free 
from the spacecraft to produce thrust. 

i Two scenarios for plasma detachment: 

Detachment from the magnetic field 
via recombination or some other 
mechanism. 

a Detachment with the magnetic field 

by stretching the field lines along the flow. 


vacuum field lines 


field lines stretched 
by the plasma 




6 



Magneto- hydrodynamic detachment concept 

r~i 1 1 r~ 

* Plasma energy density decreases downstream _\ 32 fe 71 ccS ' 2 


Energy density of the magnetic field 
decreases faster than the plasma energy density 

T ransition from strong field b 2 /% 7 v > V 2 jl to 

weak field# 2 / 8 ^ < m.^ 2 j 2 (s a transition from 
sub- to super-AIfv6nic flow. This transition is trivial 
in a conical nozzle with the plasma flow along 
the magnetic field. 


asma flow can stretch the magnetic field lines 
outward after b 2 /% 7 t drops below rn V\\ / 2 


E. N, Parker, Astrophys. J. 128, 664 (1958). 
E. B. Hooper, J. Propul. Power 9, 757 (1993). 
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Nozzle cross-section S 
Conducting wail 



Magnetic field lines 



A.V. Arefievand B.N. Breizman, Phys. Plasmas 12, 043504-1 (2005). 
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Plasma Source - Helicon 


• Helicon (shown with small magnets) 

- 1 .5 kW Helicon (7 to 1 5 MHz) 

- 1 6 kW Helicon (3 to 30 MHz) 
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Diagnostics 


Plasma diagnostics 

- Langmuir probes 

- Mach probes 

- Faraday probe 

- Microwave interferometers 




- Electrostatic probes 
Magnetic field 

- Hail probes 

- Bdot probes 

- Flux loop 


[Plasma gun] 


licrowave Interferometer, 


Diagnostics 


3 axis Hall probe mounted 
inside glass tube on 
translation stage. 


Langmuir probes 

-Two probes permit time-of-flight 

-Plasma is flowing ~5 km/s 









Density Measurements 


• Time dependent areal density measured with the 70, 90, 100 GHz 
microwave interferometer 

• Time dependent probe measurements obtained on successive shots at 
different radial positions to determine profile shape. 


• The interferometer and probe data were integrated over each pulse to 
obtain time average areal density and probe voltage (Isat) respectively. 

• The density was found by relating the probe data to the interferometer in 
the following manner 



Measured Quantities 


lsat(x,z,t) 

N e (z,t ) - ]n e (x,z,t)dx 


I(x,z) s -J- ^Isat(x,z,t)dt 
N e (z) = j-J N (z,t)dt 


n e (x,z) = 


N e (z)V(x > z) 
p(x,z)dx 


Measured with the 
Langmuir probe 


Measured with the 


interferometer 
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Preliminary Density Profile at Z = - 66.7 cm 
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Summary 


• Facility is operational 

• Experiment is operational 

• Diagnostics operational 

• Preliminary data suggests that the plasma is magnetized when the neutral 
input pressure in minimized (collisions are reduced) 

• Plasma is observed at 2 meters downstream 

• Further analysis of data is required 
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